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Most human diseases are complex traits that depend on both the
individual's environment and its genotype at multiple genetic loci.
Despite the critical importance of complex traits for human health, we
presently have little understanding of their developmental genetic
bases. While mutations induced in laboratory animals have been
enormously valuable as models for monogenetic human diseases, the
utility of mutant screens in understanding complex human diseases
may be limited. We propose a complementary approach to discover
genes and mechanisms that may contribute to complex human
disorders: the analysis of evolutionarymutantmodels whose adaptive
phenotypes mimic maladaptive human diseases. We hypothesize that
the type and mode of action of mutations favored by natural selection
in wild populations are similar to those that lead to complex,
degenerative human diseases. For example, mutations in evolutionary
models often occur in regulatory regions, similar to those implicated
in many complex diseases. Moreover, in forward genetic mutant
screens, pleiotropy often precludes the discovery of gene functions
that act late in development, the life stages at which many
degenerative diseases occur. By contrast, mutations affecting stage-
or tissue-speciﬁc regulatory elements can be detected in evolutionary
mutants. We maintain that evolutionary mutant models represent an
innovative, but as yet under-utilized, resource for the discovery of
novel genetic factors that may underlie human disease.
doi:10.1016/j.ydbio.2008.05.092
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We investigate whether Oxytricha trifallax, a ciliated protozoan,
may use alternative DNA-splicing as a means for producing new genes
and gene products. O. trifallax has two distinct nuclei: a somatic
macronucleus and a germ-line micronucleus. The organization of DNA
in the germ-line differs greatly from the mostly-coding chromosomes
of the somatic genome. In each sexual cycle, a new macronucleus
forms from the developing micronucleus through massive DNA
rearrangement. Segments of coding DNA (termed Macronucleus
Destined Sequences) interrupted by non-coding sequences (termed
Internal Eliminated Sequences) are spliced together via a process
called unscrambling. The accuracy of gene assembly is a central point
of interest in the analysis of an unusualmacronuclear chromosomewe
have identiﬁed. The chimeric chromosome is 3.1 kb in length and
shows N90% identity to two smaller macronuclear chromosomes
(1.7 kb and 2.0 kb). We propose that this chimera may result from
duplication or alternative DNA processing. We used inverse PCR to
isolate germ-line sequences, followed by cloning and sequencing to
generate a germ-line sequence map. The results indicate that the
chimeric chromosome derives from a novel locus in the germ-line that
arose by partial duplication of the loci for the two smaller chromo-
somes. Reminiscent of exon shufﬂing, this process, which we call MDS
shufﬂing, may represent a novel evolutionary mechanism for ciliate
genomes to build new genes from existing parts.
doi:10.1016/j.ydbio.2008.05.093
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lophotrochozoa
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My lab has generated a cross-phyla polyclonal antibody that
recognizes hunchback-like protein in embryos and larvae from ﬁve
distinct phyla. Independent lines of comparative data suggest that the
role of hunchback in AP patterning is a derived trait speciﬁc to the insect
lineage, and the ancestral function of protostome hunchback-like
protein played a role in gastrula epithelium, larval feeding and
locomotion structures and CNS patterning. Two new pieces of
preliminary data support this conclusion. First hb-like staining patterns
obtained from nemertean, echiurid and bryozoan embryos and larvae
are similar to those obtained in mollusks and annelids. Hunchback-like
protein is restricted in larvae to the stomadeum and ciliated bands
associated with feeding and locomotion. These data are consistent
with a single origin of larvae within the lophotrochozoa. Second the
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knockdown of leech hunchback gene expression via splice-blocking
antisense morpholino injection leads to gastrula defects similar to the
knockdown phenotype observed in nematodes using RNA interference.
Together these data suggest that hunchback-like proteins in lopho-
trochozoans andnematodes are important for normalmorphogenesis to
occur at gastrulation and that hunchback-like protein is expressed in
feeding and locomotory structures in lophotrochozoa. Bioinformatic
data suggest that the hunchback gene is restricted to the protostome
lineage consistent with the hypothesis that deuterostome larvae are
independently derived.
doi:10.1016/j.ydbio.2008.05.094
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The NR2E subclass of nuclear receptors is conserved from
cnidarians to vertebrates. Family members such as tailless and fax-1
have been shown to function in nervous system development and
body patterning. Phylogenetic analysis identiﬁes at least three major
clades of NR2E-related nuclear receptors: the NR2E1/2 clade, which
includes tailless; the NR2E3/5 clade, which includes fax-1; and a new
group that may represent one or two clades, including nhr-239 of
Caenorhabditis and related genes in insects and the echinoderm
Stongylocentrus. The existence of a possible nhr-239 ortholog in both
protostomes and deuterostomes suggests that this class could have an
ancient origin. While ligand-binding domains (LBD's) of nuclear
receptors in insects and vertebrates share modest sequence similarity,
the Caenorhabditis LBD's are considerably more diverged. The nhr-111
gene, which is present in C. elegans but not C. briggsae, includes a fax-
1-related LBD. We have used a gene fusion approach to show that LBD
function is interchangeable among C. elegans fax-1, C. briggsae fax-1
and C. elegans nhr-111. These data demonstrate that LBD function may
be conserved among some nematode nuclear receptors, despite
relatively low sequence conservation. Models support structural
conservation of Caenorhabditis LBD's with vertebrate nuclear recep-
tors. Deletions of nhr-111 or nhr-239 cause no obvious phenotype,
suggesting that both perform subtle or redundant functions. nhr-111 is
expressed in some neurons and the somatic gonad precursor cells. We
are exploring possible roles for nhr-111 and nhr-239 in behavior and
development.
doi:10.1016/j.ydbio.2008.05.095
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We have cloned two members of a new subclass of Pax genes from
the leech, Helobdella sp. (Austin). This Paxβ subfamily, is characterized
by the presence of 10 unique residues in the paired domain, and is
restricted to animals of the clade Lophotrochozoa. Usingmicroinjection
of mRNA for a fusion of one of these genes, Hau-Paxβ1, to the engrailed
repressor (EnR) domain, we show that Hau-Paxβ1 plays an important
role in the future development of the ectodermal progenitor cell,
DNOPQ‴. Normally, this cell undergoes several largely symmetric
divisions to produce a set of eight teloblasts, each ofwhich then initiates
a program of highly asymmetric stem cell divisions. However, in the
presence of Paxβ1-EnR, DNOPQ″′ undergoes atmost one symmetric cell
division, and then begins asymmetric stem cell divisions precociously.
We therefore propose that the Hau-Paxβ1 protein is required for the
transcription of gene product(s) that regulate the transformation of
cleavage blastomeres into embryonic stem cells.
doi:10.1016/j.ydbio.2008.05.096
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Vascular endothelial growth factors (VEGFs) are the major inducers
of vascular development and regulation of permeability of blood vessels
in vertebrates. Their effects aremediated by tyrosine kinase receptors of
the VEGF receptor (VEGFR) family. We cloned a VEGFR-like tyrosine
kinase receptor from the pygmy-squid Idiosepius paradoxus, using RACE
method.VertebrateVEGFRshave seven immunoglobulin (Ig) domains in
the extracellular region and a split-type tyrosine kinase domain in the
intracellular region. Using the protein blast the intracellular tyrosine
kinase domain of the Idiosepius VEGFR showed a homology to Bran-
chiostoma VEGFR-like (E=1e-62) and Gallus VEGFR3/FLT4 (E=5e-59),
but six Ig domains existed in their extracellular region. Expression
patterns of the VEGFR gene were studied by whole mount in situ
hybridization. The VEGFR gene was expressed in the developing heart
and the vena cava in Idiosepius embryos. Subsequently, VEGFR was
expressed in blood vessels of their arms, and the regions adjacent to
optic lobes. The expression patterns suggest that the gene is involved in
blood island formation. Inmollusks the cephalopods have closed blood-
vascular systems. However, the circulatory system appears to derive
from an open blood-vascular system of a molluscan ancestor. This
expression pattern of VEGFR is probably associated with unique
circulatory systems in cephalopods.
doi:10.1016/j.ydbio.2008.05.097
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Meiosis is a highly conserved process in which a diploid genome is
recombined and assorted into haploid gametes. Remarkably, the pea
aphid Acyrthosiphon pisum exhibits a reproductive polyphenism
whereby environmental signals trigger a switch between apomixis
(parthenogenetic reproduction) and meiosis (sexual reproduction).
Aphid apomixis results in daughter embryo clones with 2n genome
content without male contribution or recombination. This important
adaptation allows aphid populations to not only rapidly expand upon
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